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ABSTRACT 
The pyrolysis of Meranti wood was investigated in a static batch reactor at low 
pyrolysis temperatures 300°C,350°C and 400 °C. The compositions and properties 
of the derived gases, pyrolytic oils and solid char were determined with respect to 
pyrolysis temperature. Preliminary experiment was conducted using 
thermogravimetric analyzer (TGA) to determine the active range of temperature 
occurrence during thermal decompositions on the Meranti wood. Different heating 
rates (20°C/min, 30°C/min and 40°C/min) were applied to look at the effect of 
heating rate on the wood. The static batch reactor showed that at low temperature, 
the percentage of char was higher compared to char production at high 
temperature. Nevertheless, the oil product at low temperature was lower compared 
to at high temperature and gas production was slightly similar for both conditions. 
There was a small effect of heating rates on the active pyrolysis rate. All heating 
rates showed the range of300°C to 400 °C as the active pyrolysis rate. 
Keywords: fixed bed reactor, low temperature pyrolysis, degraded Meranti 
woods 
Introduction 
Meranti is one of the eldest species found in the rainforest of Asian countries 
like Indonesia and Malaysia. The lignocellulosic materials are composed of 
biopolymers consisting of cells walls which comprising of cellulose, hemicellulose 
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and lignins. These three essential components form an insoluble three-
dimensional network with a sophisticated architecture consisting of micro- and 
macrofibrils and wall layers [1]. Considerable attention has been focused on the 
development of processes for producing liquid fuels and carbonized materials 
from lignocellulosic biomass. One of the simplest and oldest technologies to 
convert lignocellulosic materials to another priceless class of chemicals is by 
means of pyrolysis. The conversion of biomass materials using pyrolysis 
approach will transform a carbonaceous solid material which is originally difficult 
to handle, bulky and of lower energy concentration, into the fuels having 
physico-chemical characteristics which permit economic storage and 
transferability through pumping system [2]. The production of a liquid product 
increases the ease of handling, storage and transport and hence the product 
does not have to be used at or near the biomass pyrolysis plant [3]. The use of 
biomass fuels provides substantial benefits as far as the environment is 
concerned. Biomass absorbs carbon dioxide during growth and emits it during 
combustion. Therefore, biomass helps the atmospheric carbon dioxide recycling 
and does not contribute to the greenhouse effect. Biomass consumes the same 
amount of C02 from the atmosphere during growth as is released during 
combustion [2]. Tree branches, bark, and needles are the major components of 
forestry residue, which make an important contribution to biomass throughout 
the whole world. Pyrolysis is the degradation of macromolecular materials with 
heat alone in the absence of oxygen. During pyrolysis, primary and secondary 
reactions occur. The primary volatile degradation products should escape from 
the solid residue without delay. The aim of the study is to look at the effect of 
heating rates and temperature on the range of active pyrolysis and also to 
compare the pyrolysed product yields at low pyrolysis temperature using 
laboratory scale reactor. 
Experimental 
The Meranti woods were found from Nuclear Malaysia Reserved Forest as degraded 
wood samples. The homogenized samples were subjected to thermogravimetric 
measurements performed using a Shimadzu TGA50H. In this work, the sample 
approximately 20 mg in weight was heated from ambient (25 °C) to 900°C at heating 
rate 20°C/min, 30°C/min and 40°C/min using nitrogen with flow rate of 50 htre/min 
as carrier gas to avoid solid-phase oxidation. The results of the thermogravimetric 
analysis are expressed on the dry weight basis because it facilitates the comparisons 
among the wood. A relatively slow heating rate was selected in order to achieve 
higher resolution of the weight loss pattern and to ensure that no temperature gap 
will be observed between the sample and its surrounding [4]. 
Table 1 shows the ultimate and proximate analysis of Meranti wood. Each 
analysis was conducted according to ASTM standard [5-7]. Nevertheless, the 
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experimental work was conducted using the static batch reactor (Figure 1). The 
static batch reactor was built of stainless steel and had a nominal 200 cm3 capacity. 
The reactor was heated using electric ring furnace and continuously purged 
with nitrogen at a fixed flow rate to flush out all the evolved gases from the 
reaction zone. A 7g Meranti wood was placed inside the sample holder at the 
center of hot zone and heated at temperature of 350°C and 400°C for 1.5 hour. 
The sample holder was hold vertically inside the reactor. The oil was condensed 
inside the cold trap and consisted of an aqueous phase and oil phase, which 
were immiscible. The oil was separated from the aqueous by pipetting and stored 
in refrigerated conditions prior to analysis. The gases evolved were analyzed 
using FID gas chromatograph for hydrocarbons detection and TCD gas 
chromatograph for permanent gas detection. 
Table 1: Ultimate and Proximate Analysis of Meranti Wood (wt%) 
Ultimate Analysis Meranti Proximate Analysis Meranti 
c 
H 
N 
O 
s 
43.68 
5.26 
0.6 
50.46 
0 
Moisture contents 
Volatile matter 
Ash 
Fixed Carbon 
7.98 
82.4 
0.6 
17 
Preheater 
Pyrolysis Reactor 
Condenser 
Gas analysis 
Oil Dry ice/Acetone Condensers 
Figure 1: Schematic Diagram of the Slow Pyrolysis Static Batch Reactor 
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Results and Discussions 
Thermogravimetric Analysis 
Figure 2-3 show the TGA thermograms and differential calculations of the weight 
loss at heating rates 20°C/min, 30°C/min and 40°C/min. They were similar to the 
typical dynamic gravimetric curves of other cellulosic materials though the 
samples were degraded woods. Following an initial plateau region, the 
decomposed woods rapidly decomposed in a narrow temperature range of 300-
400°C. At temperature less than 200°C, there was about 10% weigh loss observed 
and was deduced as water removal. Volatile matter for each heating rate was 
almost the same, which was about 70% respectively. Volatile matter is interpreted 
as that released before combustion step starts. The different weight loss from 
end of water removal and introduction of oxygen was quantified as percentage 
of volatile matter using thermogravimetry [8]. The major loss of weight is due to 
devolatization where after this sharp weight loss, there is a gradual but constant 
weight loss up to 900°C. At this stage, volatile matter like methane, carbon 
dioxide, carbon monoxide, formaldehyde and hydrocarbon were evolved and 
thus, produced a massive loss to the samples [9]. The flow of oxygen was 
introduced at 900°C/min isothermally for about 5 minutes to remove all the volatile 
matters. The residual char amounted to approximately 20% and was essentially 
unaffected by the heating rates. Different calculation of the weight loss was 
carried out automatically to give the rate of weight loss shown as the DTG curve 
in Figure 3. Formerly there should have two distinctive peaks at the lower heating 
rates but, as the heating rates increased, the two peaks become progressively 
merged [3]. This is due to the facts that biomass consists of hemicellulose, 
cellulose and lignin and the thermal degradation of the individual components is 
similar to overall degradation of the original wood. 
wt% 
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Figure 2: TGA Thermograms for Meranti Pyrolysed at Different Heating Rates 
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Figure 3: DTG Thermograms for Meranti Pyrolysed at Different Heating Rates 
Experimental Results 
The range of 300°C to 400°C was selected as the region of interest in this study 
due to the results obtained from the TGA, which showed it as the active pyrolysis 
occurrence for the degraded Meranti woods. In this study, we assigned 300°C 
as the minimum, 350°C as the medium and 400°C as the maximum temperature for 
the low pyrolysis process respectively. Figure 4 shows the total mass yield 
results for the degraded Meranti woods pyrolysed at 300°C, 350°C and 400°C for 
each condition the yield is cumulative. Cellulose pyrolysis between 300°C to 
400°C involved depolymerization of glycosyl units to levoglucosan and 
decomposition of H20, CO, C02 and char [4]. As the temperature was increased, 
there was a decrease in the yield of char and a corresponding increase in the 
yield of oil and gas whereas the aqueous yield remained constant as the 
temperature increased. The char has been shown to consist of carbon and partially 
pyrolysed materials such as hydrocarbons of high molecular weight [3]. Heating 
the Meranti wood in nitrogen at slow pyrolysis (ie low heating temperature) 
produced much charcoal, little tar, and less flammable gases in which there are 
much water and carbon dioxide [10,11]. 
The increased amount of the char formed at lower temperature during pyrolysis 
is due to the fact that slow heating will make the woods decompose in an orderly 
manner in which there is stepwise formation of increasingly stable molecules, 
richer in carbon and converging toward the hexagonal structure of graphitic carbon 
[11]. Moreover, char amount increased when temperature is lower [12] and the 
temperature higher than 300°C will generate char less than 50% [13,14]. During the 
slow pyrolysis, hydrolysis and dehydration reactions can proceed in orderly manner 
to uncover the still macro-molecular cellulose and lignin fragments. Thus, there 
will be less interaction to carbon to carbon bonds in glucosan and aromatic rings, 
leaving time for the carbon residues to condense into charcoal. The decompositions 
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Figure 4: Product Yield from the Slow Pyrolysis of Meranti Wood 
also proceeds in an orderly manner where there is stepwise formation increasingly 
stable molecules, richer in carbon and converging toward the hexagonal structure 
of graphitic carbon [11]. The cellulose and hemicellulose components of the wood 
are the main contributor for the volatile portion of the product while lignin is the 
main contributor to the char formation. This is due to the fact that lignin consists 
of complex chemical structure and hardly decomposed because having the benzene 
ring in lignin structure [15]. Lignin, one of the main components in wood, 
decomposed throughout the temperature regime producing mainly char and trace 
of CO and C02, water and tar at low temperature and produces H2 and CO at high 
temperature. Moreover, as the temperature rose up, the liquid yield was increased 
due to the volatization and thermal degradation of the high molecular weight 
hydrocarbons within the char [3]. 
The gas composition in relation to the temperature is shown in Figure 5. It 
represents a compositional data taken during slow pyrolysis of Meranti woods. 
Figure 5 clearly shows C02 and CO gradually increasing as temperature increased. 
The data presented here are consistent with other author [3,13] that at lower 
temperature evolution of C02, CO and water were dominant due to the 
decomposition of hemicellulose and the first stage decomposition of cellulose. 
The excess nitrogen supplied provided caused most aliphatic C-0 bonds broke 
during thermal decompositions of samples and the C-O-C, HO and C-H bonds 
decreased quickly. Thus, only part of oxidization of C-H bonds and release of 
volatiles were affected by oxygen concentration at the first stage [12]. Moreover, 
at high temperature, evolution of oil and other hydrocarbons are more prominent 
due to the second stage decomposition of cellulose and also the residual of 
hemicellulose. The process of thermal cleavages of C-O and C-C linkages can 
result in the formation of large amounts of CO and C02 [4]. 
—A—char 
—•—oi l 
—»—gas 
- - • - - moisture loss 
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Figure 5: Gas Compositions from the Slow Pyrolysis Gas of Meranti Wood 
Conclusions 
The chemical components of pyrolysed products and gases from degraded 
Meranti woods were analyzed. The range of temperature was selected from 300-
400°C as the range of interest for low temperature pyrolysis process since it was 
the active range of pyrolysis occurrence of degraded Meranti woods at heating 
rates of 20°C/min, 30°C/min and 40°C/min. Temperature was an important factor 
in determining the type of products produced. The static batch reactor showed 
that at low temperature, the percentage of char was higher compared to char 
production at high temperature. Nevertheless, the oil product at low temperature 
was lower compared to at high temperature and gas production was slightly 
similar for both conditions. There was a small effect of heating rates on the 
active pyrolysis rate. All heating rates showed the range of 300°C to 400°C as the 
active pyrolysis rate. 
References 
[1] Meier, D. and Faix, O. (1999). "State of art of applied fast pyrolysis of 
lignocellulosisc materials-a review", Bioresource Technology 68,71 -77. 
[2] Demirbas, A. (2004). "Combustion characteristics of different biomass 
fuels", Progress in Energy and Combustion Science 30,219-230. 
[3] Williams, P.T. and Besler, S. (1996). "The influence of temperature and heating 
rate on the slow pyrolysis of biomass", Renewable Energy 7,233-250. 
[4] Qingfeng, L. and Chunxiang, L. (2005). " Study on thr pyrolysis of wood-
derived rayon fiber by thermogravimetry-mass spectrometry", Journal of 
Molecular Structure733,193-302. 
79 
--*---co 
- - - - c o 2 
• CH4 
- - - - - - HC 
Journal of Mechanical Engineering 
[5] Determination of Moisture Content (ASTM E949-88). 
[6] Determination of Volatile matter (ASTM E897-88). 
[7] Determination of Ash (ASTM E830-87). 
[8] Mayoral, M.C., Izquierdo, M.T., Andres, J.M. and Rubio, B. (2001). "Different 
approaches to proximate analysis by thermogravimetry analysis". 
Thermochimica Acta 370,91-97. 
[9] Orfao, J.J.M., Artunes, F.J.A. and Figueiredo J.L. (1999). "Pyrolysis kinetics 
of lignocellulosisc materials- three independent reactions model", Fuel 78, 
349-358. 
[10] Wen, C.Y. and Stanley, L.E. (1979). Coal conversion technology. 
(Massachusetts: Addison-Wesley Publishing Company). 
[11] Browne, F.L. (1958). Theories on the combustion of wood and its control. 
(US Forest Prod. Lab. Rep. 2136), pp. 59. 
[12] Fang, M.X., Shen, D.K., Li, Y.X., Yu, C.J., Luo, Z.Y and Cen, K.F. (2006). 
"Kinetic study on pyrolysis and combustion of wood under different 
oxygen concentrations by using TG-FTIR analysis", Journal of Analytical 
and Applied Pyrolysis 77,22-27. 
[13] Fuwape, J.A. (1996). "Effects of carbonization temperature on charcoal 
from some tropical trees". Bioresource Technology 57,91-94. 
[14] Lua, A.C., Fong, Y. L. and Jia, G. (2006). "Influence of pyrolysis conditions 
on pore development of oil-palm-shell activated carbons", Journal of 
Analytical arid Applied Pyrolysis 76,96-102. 
[15] Asri, G. and Naruse, I. (2007). "Effect of cellulose and lignin content on 
pyrolysis and combustion characteristics for several types of biomass", 
Renewable Energy 32,649- 661. 
80 
